Theoretical investigation of the interaction between carbon monoxide and carbon nanotubes with single-vacancy defects.
Density functional theory calculations are used to study the healing process of a defective CNT (i.e. (8,0) CNT) by CO molecules. The healing undergoes three evolutionary steps: 1) the chemisorption of the first CO molecule, 2) the incorporation of the C atom of CO into the CNT, accompanied by the adsorption of the leaving O atom on the CNT surface, 3) the removal of the adsorbed O atom from the CNT surface by a second CO molecule to form CO(2) and the perfect CNT. Overall, adsorption of the first CO reveals a barrier of 2.99 kcal mol(-1) and is strongly exothermal by 109.11 kcal mol(-1), while adsorption of a second CO has an intrinsic barrier of 32.37 kcal mol(-1)and is exothermal by 62.34 kcal mol(-1). In light of the unique conditions of CNT synthesis, that is, high temperatures in a closed container, the healing of the defective CNT could be effective in the presence of CO molecules. Therefore, we propose that among the available CNT synthesis procedures, the good performance of chemical vapor decomposition of CO on metal nanoparticles might be ascribed to the dual role of CO, that is, CO acts both as a carbon source and a defect healer. The present results are expected to help a deeper understanding of CNT growth.